Abstract. We report the results of several statistical tests performed on a large sample of 139 broad absorption line (BAL) QSOs with good quality optical spectra and/or optical polarization data. Correlations between ten optical indices and the polarization degree p0 are systematically searched for. We find six significant non-trivial correlations. In order to identify the most important correlations, we perform a principal component analysis with a sample of 30 BAL QSOs and eight quantities (including p0). Most of the variance (∼ 57 %) in the data is contained in two principal components called PC1 and PC2. PC1 is mainly dominated by the correlation between the balnicity index BI and the strength of the Fe II emission; it may be driven by the accretion rate of matter onto the central compact object. The variance in PC2 is essentially due to the anti-correlation between p0 and the detachment index DI, indicating that BAL QSOs with P Cygni profiles (DI ≪) are usually more polarized than those objects with C IV absorption troughs well detached from the corresponding emission lines (DI ≫). We show that PC2 may be related to the orientation of the BAL QSOs with respect to the line of sight. We also present new spectropolarimetric observations of six BAL QSOs. By adding spectropolarimetric data from the literature, we build a sample of 21 BAL QSOs for which we define four spectropolarimetric indices describing the polarization properties of the absorption and emission lines. We find that the polarization of the C III] emission line is systematically higher than the polarization of the C IV emission line, and that the highest polarization in the troughs is correlated to the balnicity index. Another important result emerging from the statistical tests performed on this spectropolarimetric sample is a possible anticorrelation between the detachment index and a quantity SI which measures the ratio of the depths of the C IV absorption in the polarized flux and in the total flux. This correlation indicates that in BAL QSOs with P cygni profiles, the BAL troughs in the polarized flux are nearly as deep as in the total flux while, in BAL QSOs with detached absorptions, the BAL troughs in the polarized flux are much weaker than in the total flux. We show that our main results may be explained in the framework of a "two-component" wind model which is a natural extension of the classical wind-from-disk models. In this model, the broad absorption occurs in a dense equatorial wind emerging from the accretion disk, while scattering and polarization mainly take place in a polar region. The orientation relative to the observer drives the correlations p0 -DI and DI -SI. While most of our observations can be explained within this framework, there are also several indications that other polarization mechanisms, and more particularly resonance scattering, may also be at work.
Introduction
About 10 to 20 % of optically-selected QSOs exhibit broad absorption lines (BAL) in the resonance lines of highly ionized species such as N V λ 1240, C IV λ 1549 or Si IV λ 1397 (Hewett & Foltz 2003 , Tolea et al. 2002 , Reichard et al. 2003 . A smaller fraction (∼ 1 %) has in addition broad absorpSend offprint requests to: Lamy, e-mail: herve.lamy@oma.be ⋆ Based on observations collected at the European Southern Observatory (ESO, La Silla) ⋆⋆ Table 1 is also available in electronic form at the CDS via http://cdsweb.u-strasbg.fr ⋆⋆⋆ Also, Chercheur Qualifié au Fonds National de la Recherche Scientifique (FNRS, Belgium) tion lines from lower ionization species like Mg II λ 2798 or Al III λ 1858. These objects are often referred to as LoBAL or LIBAL QSOs in the literature, in contrast with those objects with only high ionization BALs, hereafter denoted HIBAL QSOs 1 . The broad absorption lines are blueshifted relative to the emission lines, indicating the presence of outflows with velocities ranging up to ∼ 0.2 c.
Despite of more than three decades of intense observation and modelling, the fundamental nature of the BAL QSOs remains controversial. Indeed, the physical mechanism that drives the flow is still a matter of debate although there are some indications that the outflows are driven by radiation pressure on spectral lines and originate from an accretion disk rotating around a massive black hole (Murray et al. 1995 , Arav 1997 , Proga et al. 2000 . Acceleration of the outflow by other mechanisms such as gas pressure (Begelman et al. 1991) , magnetic fields (de Kool & Begelman 1995) or radiation pressure by dust , Scoville & Norman 1995 , Everett et al. 2002 has also been proposed and may contribute as well. Moreover, it is not yet understood whether BAL QSOs and non-BAL QSOs are completely different types of quasars or if their properties mainly depend on their orientation towards us.
In order to determine if BAL QSOs and non-BAL QSOs are drawn from the same parent population of quasars, Weymann et al. (1991, hereafter W91) carried out a detailed comparative study of the emission lines and continuum properties of a sample of 42 BAL QSOs and 29 non-BAL QSOs. Recently, Reichard et al. (2003) made a similar analysis with a much larger sample (224 BAL QSOs and 892 non-BAL QSOs) drawn from the SDSS EDR (Sloan Digital Sky Survey Early Data Release, Stoughton et al. 2002) , which essentially confirms the results of W91 : there are no significant differences between emission line properties of BAL QSOs and non-BAL QSOs, except a noticeable enhancement of N V emission in BAL QSOs. Also, the continua of the BAL QSOs are redder (Reichard et al. 2003) , especially for those objects with low ionization absorption lines. This is possibly due to a larger dust content (Sprayberry & Foltz 1992 , Yamamoto & Vansevicius 1999 . Both statistical studies lead to conclusion that BAL QSOs and non-BAL QSOs come from a single population. The small differences observed in their emission line/continuum properties may indicate that BAL QSOs are normal QSOs with extreme properties such as larger accretion rates (Reichard et al. 2003 , Yuan & Wills 2003 .
Partly based on these results, the most popular paradigm considers that a broad absorption line region (BALR) exists in all QSOs and has a covering factor ∼ 0.1, i.e. close to the rate of detection of BAL QSOs among optically-selected QSOs. In this orientation scheme, broad absorption lines are observed only when our line of sight intercepts the outflow. A completely different possibility is to consider that the BAL phenomenon is an evolutionary phase with significant mass loss during the life of a QSO . The best argument supporting this evolutionary model is given by the large percentage of LIBAL QSOs detected among infrared surveys (Low et al. 1989) , suggesting that these objects are enshrouded in a cocoon of dust which heavily attenuates the optical/UV continuum (Sprayberry & Foltz 1992) . Moreover, in order to explain the very weak [O III] intensity measured in those LIBAL QSOs (Boroson & Green 1992 , Yuan & Wills 2003 , the covering factor of the BALR must be much larger than 0.1.
Since we want to test for orientation as a possible keyparameter to understand the BAL QSO/non-BAL QSO dichotomy, polarization may be a useful tool because it is sensitive to the geometry and orientation of these unresolved objects. Previous optical polarization surveys have shown that, as a class, BAL QSOs are more polarized than non-BAL QSOs and that the polarization is most probably due to scattering (Moore & Stockman 1984 , Hutsemékers et al. 1998 (hereafter Paper I), Schmidt & Hines 1999 , Hutsemékers & Lamy 2002 , Lamy 2003 . The fact that BAL QSOs are polarized reveals that the scattering regions are not spherically symmetric. Many current theoretical models of BAL QSOs assume an axisymmetric geometry, with either an accretion disk (e.g. Murray et al. 1995) or an opaque dusty torus (e.g. Schmidt & Hines 1997) located in the equatorial plane. In this equatorial geometry, the BALR emerges either from the accretion disk in the form of a continuous flow or it is ablated from the top of the dusty molecular torus in the form of dense cloudlets. It is then accelerated to large velocities. However, there exists recent models which locate the BALR within a weak jet in the polar regions in order to explain the radio-quiet/radio-loud dichotomy and to simultaneously relate the BAL phenomenom to the associated absorptions often observed in radio-loud QSOs (Punsly 1999 , Kuncic 1999 . In this polar geometry, the BALR is embedded in a poorly collimated radio jet and is accelerated by the pressure of the surrounding medium which also acts to confine the BAL clouds.
Spectropolarimetry has been used to put constrains on the structure of BAL QSOs (Glenn et al. 1994 , Cohen et al. 1995 , Goodrich & Miller 1995 , Schmidt & Hines 1999 , Ogle et al. 1999 . It has revealed the presence of a polarized component filling in the absorption troughs and attributed to a continuum component polarized by scattering off electrons or dust. The scattered and direct rays suffer different amounts of absorption which results in a strong increase of the polarization in the BAL troughs. Spectropolarimetry has also been used to determine the relative size of the different emission/absorption/scattering regions in BAL QSOS. However, several axisymetric configurations are possible to interpret the spectropolarimetric observations (Ogle 1997) . Therefore, we have to find other parameters which, in connection to the polarization data, may help to discriminate among the different models of BAL QSOs.
In this perspective, we performed in Paper I a systematic search of correlations between optical broad-band polarization and several indices characterizing the optical spectra of BAL QSOs in order to have a clue on the nature of the outflows. We find that the main correlations involving p 0 could be naturally interpreted within the "wind-from-disk" (hereafter WfD) model of Murray et al. (1995) . However, the size of the sample was small (29 objects) and some important but statistically marginal trends noticed in Paper I need to be confirmed. Schmidt & Hines (1999) also report on a marginal correlation between p 0 and the strength of the C IV broad absorption lines, which was not detected in Paper I. Since then, a lot of good quality polarimetric data of BAL QSOs have been obtained (Lamy & Hutsemékers 2000a ) and the existence of a population of radio loud QSOs with intrinsic, BAL-like outflows has been confirmed (Becker et al. 2000 , Menou et al. 2001 . It is therefore important to perform these statistical tests again using a much larger sample of BAL QSOs than in Paper I (139 objects instead of 29), in order to better identify which spectral char-acteristics of BAL QSOs are orientation dependent. This is the scope of this paper. The fact that sometimes many properties are correlated makes the understanding of the physical mechanisms driving them difficult to discern. The Principal Component Analysis (PCA) is a statistical method which has proven to be very efficient at isolating the most important correlations in active galactic nuclei (AGN) (e.g. Boroson & Green 1992) . Here the PCA will be used with a BAL QSO sample.
Spectropolarimetry of BAL QSOs with a good signal to noise has been published for a large number of BAL QSOs (Ogle et al. 1999) . In combination with our own spectropolarimetric data, we define sp ectropolarimetric indices to perform a statistical analysis. The results are then used in combination with previous analyses to better constrain the BALR models.
In Sect. 2, we describe the sets of data. The statistical analyses are done in Sect. 3. Sect. 4 is devoted to a principal component analysis of the data in order to identify the variables that correlate together and to relate them to more fundamental underlying parameters that drive the correlations. In Sect. 5, we present the new spectropolarimetry of 6 BAL QSOs. Considering additional data from the literature, spectropolarimetric indices are defined and correlations with broad band optical polarization and with optical indices are searched for. In the last section, we discuss and interpret the main results in the framework of existing BAL QSO models.
The BAL QSO data
The sample considered here is made up of 139 BAL QSOs. It is essentially a compilation of 93 BAL QSOs coming from large polarization surveys. In addition, we also consider 46 BAL QSOs with good quality optical (rest-frame UV) spectra but no polarization data. The optical polarimetric observations were conducted by us (Paper I, Lamy & Hutsemékers 2000a ) and by Ogle et al. (1999) and Schmidt & Hines (1999) . The spectra considered for the measurement of optical indices are those from the W91 and Korista et al. (1993) samples (mainly drawn from the LBQS), and from the recent FIRST (Becker et al. 2000 (Becker et al. , 2001 and SDSS/FIRST (Menou et al. 2001) surveys. Apart from these major surveys, we do not consider individually studied BAL QSOs. Indeed such objects are not very numerous and are usually observed or detected because of their peculiar properties. For the same reason, we do not consider the unusual BAL QSOs uncovered by Hall et al. (2002) .
The characteristics of the BAL QSOs considered in this study are reported in Table 1 and described in detail below.
The broad band polarization data
The broad band polarization data are compiled from our previous surveys (Paper I, Lamy & Hutsemékers 2000a) , from the survey of Schmidt & Hines (1999) and from the spectropolarimetric atlas of Ogle et al. (1999) . When an object is observed several times, we choose the value of the polarization degree with the lowest uncertainty, i.e. the smallest σ p . Our surveys have been conducted in the V filter with a typical uncertainty ≃ 0.2 %. These uncertainties are adequate for BAL QSO studies since the polarization of these objects peaks around ∼ 1 % (Paper I, Lamy 2003) . The measurements of Schmidt & Hines (1999) , mostly obtained in white light, have often larger uncertainties (σ p ≃ 0.4%). The data from Ogle et al. (1999) are high-quality broad-band polarizations (4000-8600Å) measured from their spectropolarimetric data, and obtained either with the Keck or the Palomar telescopes. The typical uncertainties range from ∼ 0.05% for the Keck data to ∼ 0.15% for the Palomar data. Within the uncertainties, no polarization variability is observed for BAL QSOs with multiple observations. Finally, a few additional polarization measurements of BAL QSOs from the LBQS and FIRST surveys (Becker et al. 2000 , Menou et al. 2001 have recently been secured using the ESO 3.6m telescope at La Silla and are added to the sample.
The observed degree of polarization p and its uncertainty σ p are given in Table 1 together with the debiased degree of polarization p 0 according to the Wardle & Kronberg (1974) method. Since most BAL QSOs in Table 1 have a polarization degree of the order of 1 %, we adopt a quality requirement on p 0 for all the statistical tests performed throughout this paper and involving this quantity. Data with poor signal-to-noise ratio are excluded by considering only those objects with p 0 /σ p > 2 if p 0 ≥ 0.80 % or with σ p < 0.40 % if p 0 < 0.80 %.
The BAL QSO sub-types
We use the classification described in detail in Paper I. After a careful visual inspection of the optical spectra available in the literature, each BAL QSO has been given a number between 2 and 6, according to the detection and intensity of the low ionization troughs. HIBAL QSO (type 2) are those objects which show broad absorption lines from highly ionized species but do not have broad absorption lines from Mg II nor Al III. If Al III is not observed in absorption and if the optical spectrum does not cover the Mg II spectral region, the BAL QSO is considered as an unclassified BAL QSO (type 6). All the objects with either Mg II or Al III broad absorption lines in their spectra are classified as LIBAL QSOs. According to the strength of the low ionization absorption lines, we define three sub-categories of LIBAL QSOs : S (strong, type 3), W (weak, type 4) and M (marginal, type 5). Note that the term "LoBAL" widely spread in the literature essentially corresponds to our type 3.
Indices derived from the optical spectra
We give in Table 1 the following indices originally defined by W91 to characterize the absorption/emission features in BAL QSOs : (1) the balnicity index BI which is a modified velocity equivalent width of the C IV BAL, (2) the half-width at halfmaximum HWHM and the rest equivalent width REW of the C III] λ 1909 emission line and of the red part of the C IV emission line, (3) the rest equivalent widths of emission features related to Fe II and located near 2070 and 2400Å and (4) the detachment index DI which measures the onset velocity of the strongest 2 C IV BAL trough in units of the adjacent emission line half-width, that is the degree of detachment of the absorption line relative to the emission one.
Apart from the W91 sample, none of these indices are given in the literature except BI. Therefore, as already done in Paper I and in Hutsemékers & Lamy (2000, hereafter paper II) , we have computed these indices whenever possible by using good quality spectra digitally scanned from the literature. We follow the prescriptions given in W91 and refer the reader to this paper for additional details. The new measurements make use of spectra published by W91, Korista et al. (1993) , Ogle et al. (1999) , Becker et al. (2000 Becker et al. ( , 2001 , Menou et al. (2001) , and a few spectra from the LBQS (Foltz et al. 1989 . For one object (B2240−3702), the indices have been measured from our spectra (cf. Fig. 3 ). All these new measurements are reported in Table 1 together with values previously published in Paper I and II.
In Table 1 , following W91, we consider as BAL QSOs those objects with a non-zero BI in either C IV or Mg II (since usually BI (C IV) ≥ BI (Mg II)). But for the consistency of the statistical analysis, only the BI measured from C IV are considered. The BI values in Table 1 are mainly found in the literature (W91, Korista et al. 1993 , Ogle et al. 1999 , Becker et al. 2000 , Menou et al. 2001 . For the objects considered at the same time in the W91 and the Korista samples, we adopt the average of their values. We have calculated BI only for those objects observed at the Palomar Observatory by Ogle et al. (1999) .
In addition to these indices, we have also reported in Table  1 the maximum velocity in the C IV BAL trough, v max , which provides an estimate of the terminal velocity of the flow. For the BAL QSOs not included in the samples of Paper I and II, the values of v max are either given by Becker et al. (2000) and Menou et al. (2001) , or they are evaluated from the , Ogle et al. (1999) and Becker et al. (2001) spectra, by measuring, from the blue to the red, the wavelength at which the absorption first drops 10% below the flux level defined by the local continuum. At velocities higher than ∼25000 km s −1 , C IV BALs may be contaminated by the Si IV emission line, such that measurements of v max become inaccurate. In a conservative way, we therefore limit v max to 25000 km s −1 from the C IV emission centroïd, even if larger values are sometimes given by some authors (Becker et al. 2000 , Menou et al. 2001 . In these cases, 25000 km s −1 constitutes a lower limit to the true v max . Finally, we have measured the slope of the continuum, α B , by fitting the continuum blueward of C III] and assuming a power-law continuum F ν ∝ ν −αB (see Paper I for details).
The errors associated with the measurements of these indices are difficult to estimate. They are essentially related to the positioning of the continuum but they also depend on the structure of the lines, the nominal redshift, etc . . . Although the uncertainty on the continuum is partly taken into account in its definition, errors on BI may still be large. We estimate them from values published by different authors (for example the 2 In objects with multiple absorption troughs, W91 define the strongest absorption as the one with the largest equivalent width.
samples of W91 and Korista et al. 1993) : typical uncertainties on BI are around a few hundred km s −1 . The typical errors on v max have been estimated from two independent series of measurements and are typically around 1000 km s −1 . The typical error on α B is ∼ 0.3, as evaluated by varying the possible continua (Paper I). The error associated with the detachment index DI is typically around 15 % from a comparison between our values and those from W91, although it could be higher in some cases, especially for those objects with multiple troughs or complex absorptions. Indeed, depending on the continuum, one might select different troughs as being the strongest one. By doing the same kind of comparison with W91, we estimate the errors associated with C IV HWHM and C IV HREW to be ∼ 10% and ∼ 20% respectively .
Finally, we have included in Table 1 the B absolute magnitude of the objects, M B , which is calculated by following the prescriptions of Veron & Veron (2000) (with H 0 = 50 km s −1 Mpc −1 , q 0 = 0 and an optical spectral index α = 0.3) and by applying the "BAL K-correction" of Stocke et al. (1992) .
Analysis of correlations involving the polarization and spectral indices
Possible correlations involving the optical polarization and the indices defined in Sect. 2.3 have been searched for by computing the Kendall τ and the Spearman r s rank correlation coefficients (Press et al. 1989 ). While our main goal is to investigate the behavior of the polarization, correlations between the indices themselves have also been searched for since several new measurements are available. The results of these correlation tests are given in Table 2 . The first two columns list the two indices we test. The next two columns give the probabilities P τ and P rs to find a correlation by chance between two uncorrelated quantities. The column labeled n is the number of objects involved in the analysis. Since we search for correlations among 11 quantities, a total of 55 correlations tests are performed. Since the number of objects is rather large for most pairs of indices, we may reasonably consider as significant only those correlations with P ≤ 0.02. With 55 correlations tested, we expect to detect one false correlation with such a probability, assuming they are independent. In general, an excellent agreement is found between the results of the two statistical tests. The correlations have also been investigated for the HIBAL and LIBAL QSO subsamples separately and the results are given in Table 2 . A few correlations are detected only when considering the whole BAL QSO sample, illustrating the importance of the size of the sample.
Among all significant correlations reported in Table 2 , several link in an obvious manner quantities either related by their definition or by a trivial common physical origin. In the first category, as an example, the correlation between BI and v max simply reflects the fact that the wider the trough the larger both BI and v max (with BI ≤ v max − 5000 according to their definitions). Another such trivial correlation is DI -v max : the most detached absorptions have necessarily large v max . In the second category, we may quote the correlations between C IV HWHM and C III] HWHM and between the Fe II indices. Table 2 . Analysis of correlations between p 0 and the indices described in Sect. 2.3 as well as correlations between the indices themselves. Three samples of BAL QSOs are considered. n is the number of objects considered in the tests. The last column indicates whether the correlation is positive or negative (identical for the three BAL QSO samples). Boldfaced entries are the least likely to be due to random chance. Finally, a few correlations in Table 2 are due to the fact that two quantities are correlated with a third one : v max is correlated with Fe II and α B because, as we will see below, the balnicity index is correlated with these quantities. With all these arguments in mind, we are left with six significant non-trivial correlations : p 0 − DI, BI − Fe II λ 2400, BI − α B , DI − C IV HREW, p 0 − Fe II λ 2070 and C IV HWHM − v max . They are all discussed in detail below and the most interesting ones are illustrated in Fig. 1 . We have checked that these correlations remain significant when we exclude the objects with the most extreme properties (e.g. the two LIBAL QSOs with DI ≥ 10 in Fig. 1a ).
The degree of optical polarization, p 0 , is essentially uncorrelated with most indices apart from a few exceptions. The most striking one is the anti-correlation between p 0 and the detachment index DI, already detected in Paper I and first suggested by Goodrich (1997) . It is confirmed here with a higher significance (P ≃ 0.002) and on the basis of a larger sample. It means that, in average, BAL QSOs with C IV P Cygni profile 3 are more polarized than objects with detached absorption troughs. As can be inferred from Table 2 , this anti-correlation is strong for the whole BAL and the LIBAL QSO samples, but not detected in the HIBAL QSO sample. Fig. 1 shows that the relation between p 0 and DI looks more like an inequality than a real anti-correlation. Indeed, for small values of DI, p 0 varies within a large range of values (from 0 to 5 %), while for large values of DI, p 0 is smaller. This correlation indicates that DI may play a key-role in understanding the BAL QSO physics, as suspected by Hartig & Baldwin (1986) . Since it is the most important correlation involving polarization, it will be discussed in detail in Sect. 6.
The correlation between p 0 and Fe II λ 2070 is more doubtful because it is significant only for the HIBAL QSO subsample (marginal for the whole BAL QSO sample). Moreover, the fact that p 0 increases with the iron index does not support the usual interpretation of a dilution of p 0 by an unpolarized pseudo-7 continuum formed of a large number of metastable iron emission lines. Finally, we do not see any obvious reason why p 0 should correlate with Fe II λ 2070 and not with Fe II λ 2400. For all these reasons, we believe that this correlation is probably due to chance.
It is also important to remark that we do not detect any correlation between p 0 and BI. Such a correlation was reported by Schmidt & Hines (1999) in their Fig. 8 (although their correlation was marginal with P ∼ 0.05). Neither do we recover the correlation between p 0 and the slope of the continuum α B discussed in Paper I and already interpreted as an artifact.
The correlations between BI and the Fe II λ 2400 index on one hand and between DI and C IV HREW on the other hand have been reported previously in W91. They are confirmed here with larger samples and with the use of BI averaged from the measurements of W91 and Korista et al. (1993) . The correlation between BI and the Fe II λ 2400 index remains strong within the HIBAL QSO subsample while it disappears in the LIBAL QSOs subsample. These two correlations are illustrated in Fig. 1 . Another significant correlation involving BI is the correlation between BI and the slope of the continuum α B (see Fig. 1 ). It was found in Paper I and is confirmed here. It indicates that BAL QSOs with redder spectra display on average stronger absorption lines. Since these two correlations involving BI appear to be important in the description of the BAL phenomenon, they will be discussed later in the framework of the BALR models (Sect. 6.4).
The anti-correlation between DI and C IV HREW may possibly be explained in terms of radiative pumping of the BEL photons. Indeed, for P Cygni profiles (DI ≪), the BAL trough cuts off the blue wing of the C IV broad emission line (Turnshek 1988) . Photons are absorbed and partly re-emitted in the red wing, therefore increasing the equivalent width of the red part of the C IV emission.
Finally, the correlation between C IV HWHM and v max −definitely less significant− is not obvious to interpret. Although it may be spurious, it may also suggest that the dynamics of the BAL wind is connected in some way to the dynamics of the broad emission line region from which it could be launched.
Principal Component Analysis
When we are dealing with a large number n of BAL QSOs and a large number p of distinct parameters characterizing the QSO properties, the study of the correlations two by two may be quite complex. Indeed, as can be seen from Table 2 , several indices appear correlated, which makes it difficult to disentangle the leading correlations and consequently the physical mechanisms behind them. The Principal Component Analysis (PCA) is an alternative mathematical tool specifically designed to deal with such multivariate problems. Basically, the PCA identifies those parameters that correlate together and decreases the complexity of the problem by gathering them into only a few new parameters. In a p-dimensional space, PCA identifies those directions in which the cloud of points representing the QSOs is most elongated and uses them to define a new system of coordinates. Each axis in this new system is called an eigenvector and is simply a linear combination of the initial parameters. The first eigenvectors then contains most of the variance observed in the sample and identify the most significant correlations. For a complete mathematical description of multivariate statistics, see Murtagh & Heck (1987) . For nice illustrations of the application of PCA to some AGN data samples, see Boroson & Green (1992) , Francis & Wills (1999) and Boroson (2002) . Table 3 . Results of the Principal Component Analysis. The first three principal components out of a total of 8 are given in order of their contribution to the total variance. The first row gives the variances of the data along the direction of the corresponding principal component. The sum of all the variances is equal to 8, the number of variables considered in the analysis. The variance of each principal component is given as "proportion" in the second row and as "the cumulative proportion" in the third one. Since some objects have different wavelength coverages and/or their spectra are of poor quality, there are obviously missing data for many QSOs of our sample. Because a full data set is needed to run the PCA, the number of useful objects will then depend on the indices taken into account. As a rule of thumb, the more numerous the indices, the smaller the sample. Moreover, we wish to avoid most of the obvious correlations between closely related variables which would be dominant in the first eigenvectors. After several trials, we made a compromise between the size of the sample and the number of the adopted parameters. Together with p 0 , all the parameters describing the emission and the absorption properties of the C IV line profile (BI, DI, C IV HREW, C IV HWHM and v max ) are considered. Indeed, C IV measurements are available from medium resolution spectra for a large number of QSOs of our sample (W91, Korista et al. 1993) . We also consider one of the Fe II intensity indices : Fe II λ2400. The Fe II λ2400 index is favored since it is much stronger than the λ2070 index. Finally, we add the slope of the continuum, α B , another im-portant quantity in the description of BAL QSO spectral properties. The indices related to C III] are not considered because of the well-known blend with Al III and a possible blend with Fe III in some LIBAL QSOs (Hartig & Baldwin 1986 ). Several PCA tests were performed including the absolute B magnitude of the objects. Since this quantity does not correlate with any of the indices, it may be safely discarded from the analysis. However, we cannot definitely rule out any correlation with the intrinsic luminosity since some BAL QSOs may be significantly reddened due to extinction (Sprayberry & Foltz 1992 , Reichard et al. 2003 . The final sample then consists in 30 BAL QSOs with good quality measurements for the 8 variables previously described.
The PCA was carried out with the Fortran code written by Murtagh & Heck (1987) . Since the ranges of the variables are very different, the original data are first centred and reduced to unit standard deviation (correlation matrix option).
We present the results in Table 3 which lists the three most significant principal components (PC) and their projections upon the eight variables described above. Only the PCs with a variance (eigenvalue) larger than 1 are considered. More than half the total variance of the sample (57 %) is accounted for by the first two PCs which are elongated with variances larger than or of the order of twice that of the original data. We concentrate therefore exclusively on these two principal components which we call PC1 and PC2.
Apart from the usual redundant correlations, PC1 is dominated by the correlation between the balnicity index BI and the strength of the Fe II emission (and marginally α B ), while PC2 correlates essentially p 0 , DI and C IV HREW. This analysis is in good agreement with the classical correlation tests performed in Sect. 3. Indeed, two of the four important correlations discussed in Sect. 3 (p 0 − DI and DI − C IV HREW) dominate the eigenvector PC2 while a third one (BI − Fe II λ 2400) dominates PC1. Small differences with the previous analysis (i.e. the significance of some correlations) may be explained in terms of the smaller sample considered here. Therefore, the main result emerging from the PCA is that BI, Fe II λ2400 and maybe α B on one hand, and p 0 , DI and C IV HREW, on the other hand, vary together. As will be discussed in Sect. 6, PC1 could be connected to the accretion rate of matter (since this interpretation may qualitatively reproduce the correlation BI -Fe II), while PC2 could be related to the orientation of the BAL QSO with respect to the line of sight. The existence of two PCs outlines that, although important, orientation is probably not the only parameter governing the BAL QSO properties. Fig. 2 illustrates the distribution of the 30 BAL QSOs in the PC1-PC2 space. Different symbols have been used to separate the HIBAL and LIBAL QSO subsamples and to distinguish the lower luminosity objects (with M B > −28) from the brighter ones (with M B ≤ −28). The LIBAL QSO subsample is essentially located in the PC1 ≤ 0 region while most of the HIBAL QSOs have PC1 > 0. The HIBAL and LIBAL QSO subsamples are therefore better discriminated with PC1 than with PC2. Indeed, the LIBAL QSOs have the largest BI and Fe II emission or at least they display the most extreme values (see Fig. 1 ). If PC2 is indeed related to orientation, it plays a less important role in explaining the differences observed between HIBAL and LIBAL QSOs. Among the LIBAL QSOs, there is also a trend (not represented in Fig. 2 ) that the objects with stronger low ionization troughs have more negative values of PC1, i.e. the S LIBAL QSOs have more negative PC1 than W or M LIBAL QSOs, the latter having values of PC1 closer to those of HIBAL QSOs. Finally, interestingly enough, fainter QSOs appear to be located in the PC1 ≤ 0 part of the diagram.
BAL QSOs spectropolarimetry

Description of the observed sample
Seven BAL QSOs were chosen for spectropolarimetry because of their brightness, their high degree of linear polarization in the V filter (Paper I) and their redshift adequate for the observation of the C IV absorption line. Moreover, all these objects are LIBAL QSOs with strong, weak or marginal absorptions from low ionization species. They also span a range of other properties : B2225−0534 and B2240−3702 are BAL QSOs with P Cygni C IV profiles (DI ≪) while B1246−0542 and B1011+0906 are objects with detached C IV troughs (DI ≫). B1413+1143 is a gravitationally lensed QSO with evidence for a micro-lensing effect (Angonin et al. 1990 , Hutsemékers 1993 and B0059−2735 is the prototype of the so-called "Iron Lo BAL QSOs" (Hazard et al. 1987 , Becker et al. 1997 . Spectropolarimetry of B0059−2735 has been published elsewhere (Lamy & Hutsemékers 2000b ) and will not be discussed again.
Spectropolarimetry of B2225−0534 has been abundantly described in the literature in the last two decades (Stockman et al. 1981 , Cohen et al. 1995 , Goodrich & Miller 1995 , Ogle et al. 1999 ). Since there is no indication of variability in this object, these data have enabled us to check the whole observation/reduction procedure. Fig. 3 . The B300 and R300 spectra were cut on their reddest and bluest parts respectively and merged together at the wavelength indicated by the vertical dashed line. The main absorption lines are indicated as well as features due to cosmic rays hits. The asterisk in the spectrum of B1413+1143 indicates an intervening absorption system at z ∼ 1.66. The Earth symbol indicates a telluric absorption.
Observations and data reduction
The spectropolarimetric observations were carried out at the 3.6m telescope (La Silla, ESO, Chile) equipped with EFOSC1 during two runs in April 5-8, 1995 and September 10-12, 1996 .
Spectropolarimetry is performed with EFOSC1 by inserting a Wollaston prism in the filter wheel and a grism in the grism wheel (di Serego Alighieri 1998). The Wollaston prism splits the incoming radiation into two orthogonally polarized spectra separated by 20.
′′ Each object positioned on the slit has two spectra projected on the CCD detector. The measurement of their ratio at two different Wollaston angle positions separated by 45
• gives the two Stokes parameters describing the polarization (no half-wave plate was available at that time). In practice, the Wollaston prism does not move but rotates together with the whole EFOSC1 instrument, including the slit. In our case, this is not critical since our objects are point-like. In order to avoid overlapping of the object and sky spectra, a mask is placed in front of the slit; it is transparent only in slots whose length is equal to the beam separation produced by the Wollaston prism. The 2D image recorded on the CCD then consists of a number of alternate bands, two of them containing the two orthogonally polarized spectra of the object, the others being devoted to the sky.
The detector was a 512 × 512 Tek CCD (ESO#26) with an inverse gain of 3.8 electrons per ADU and a read-out-noise of 7.9 electrons. The pixel size was 27 µm corresponding to 0.
′′ 605 on the sky (Melnick et al. 1989) . The slit had a width of 2.
′′ The seeing was typically around 1. ′′ 4. The B300 grism was used for the seven objects giving a spectral coverage of 3600-6800Å. For two objects, the R300 grism was also used to enlarge the useful spectral range up to ∼ 8300Å allowing us to observe the Mg II BAL. The spectral resolution was 6.7Å per pixel. For each grism and position angle of the Wollaston, three frames were secured for a total exposure time of 90 minutes per Wollaston position. The splitting in shorter exposures ensures that the contamination by cosmic rays can be corrected.
Data reduction was accomplished with procedures developed within the ESO MIDAS package. The 2D raw data are first corrected for bias and flat-field. Cosmic ray events are interactively corrected and replaced by the median value of a small surrounding area. However, it is sometimes impossible to correct for some cosmic rays falling on the object spectra. These cosmic rays are easily detected by comparing the individual frames and they are flagged in the final 1D spec-tra with a 'hit' label. The two object spectra and the four sky spectra (two on both sides of the object) are individually extracted with exactly the same procedure. The six spectra are calibrated in wavelength using He+Ar internal lamp spectra. Since we observed small offsets between corresponding He+Ar emission lines in orthogonally polarized spectra, six individual wavelength calibration curves were produced, and each object/sky spectra was independently wavelength calibrated. The sky spectra are averaged on both sides of the object and subtracted from the object spectra. Spectra are then corrected for the atmospheric extinction. Since there was no HWP plate in the setup, a flux calibration was done in order to correct for a possible difference of transmission of the Wollaston prism + grism for the ordinary and extraordinary rays. For that purpose, we observed spectrophotometric standard stars, assumed to be unpolarized, with the same instrumental setup. The standard star EG274 (Stone & Baldwin 1983 , Baldwin & Stone 1984 was found to be very stable from night to night and was used to obtain the individual flux calibration curves. For that star, we measure a weak polarization degree (p ≤ 0.3%), more or less constant with wavelength, and in agreement with the observations by di Serego Alighieri (1994) with the same instrumental setup. Although the instrumental polarization induced by the instrument is therefore small, we took account of it by performing the flux calibration. Finally, it was necessary to rebin the data in wavelength in order to achieve a polarization uncertainty of ∼ 0.2 -0.3 % in the continuum. The spectra are rebinned on two original pixels, which corresponds to a spectral resolution of about 13Å. The associated errors are calculated by propagating the errors from the photon noise in the object and sky spectra.
The Stokes parameters q and u, the degree of polarization p and the angle of polarization θ are computed from these rebinned spectra in the usual way (di Serego Alighieri 1998). Rebinning is done before the calculation of the Stokes parameters since q and u have non-gaussian distribution errors (Clarke & Stewart 1986) . The photon noise is propagated throughout the equations in order to obtain σ p and σ θ in every bin of wavelength. Although p is a well-known biased quantity (Simmons & Stewart 1985) , we do not de-bias it since our data have large S/N ratios. Finally, we calculate the polarized flux by multiplying the total flux by the degree of polarization. All these results are given in Figs. 3 and 4 for the six BAL QSOs .
A polarimetric standard star, HD161291, was observed during both runs with the same setup. The interstellar polarization wavelength dependence was found in good agreement with that measured by di Serego Alighieri et al. (1994) using the same setup, and with the parameters given by Serkowski et al. (1975) .
Description of individual objects
The spectropolarimetry of individual BAL QSOs is discussed in this section. We emphasize mainly their differences as well as new results that were not previously reported by Schmidt & Hines (1999) and more particularly by Ogle et al. (1999) in their spectropolarimetric atlas. Note that Ogle et al. (1999) use q ′ instead of p. q ′ is the Stokes parameter q rotated by the angle 2 θ where θ is the mean continuum polarization angle. Although q ′ is unbiased, it has the disavantadge that its value is difficult to interpret when measured in emission or absorption lines with significant rotation of θ.
1. B1246−0542 −− This BAL QSO has deep broad absorption lines clearly detached from the corresponding emission lines. The polarization rises strongly in the C IV and Si IV broad absorption lines, mainly in the deepest troughs, while it slightly decreases in the emission lines. There is no rotation of the polarization accross those lines. The polarized flux of B1246−0542 is remarkable: first, it is nearly featureless with no trace of absorption, which is quite unusual among BAL QSOs (Schmidt & Hines 1999 , Ogle et al. 1999 ). Second, it shows an unusually large N V emission, with no other emission lines. Apparently unnoticed, such a large N V emission is in fact observed in the polarized flux of several BAL QSOs from the spectropolarimetric atlas of Ogle (1999) , as well as in B1011+0906. A possible interpretation of this higher N V emission in the polarized flux, in contrast with other lines such as C IV and Si IV, could be an extra N V emission due to resonance scattering of Lyα photons (Surdej & Hutsemékers 1987) , polarized due to a non-spherical geometry of the BALR (Lee & Blandford 1997) .
2. B1011+0906 −− The spectrum of this BAL QSO has some similarities with B1246−0542, with deep absorptions well detached from relatively faint emission lines, and a strong N V emission. As usual, the polarization increases within the C IV trough. The polarized flux is characterized by the presence of a large N V emission. However, compared to B1246−0542, the polarized spectrum is complex and difficult to interpret. In particular, the polarization does not increase in the Si IV trough while there are some absorption seen in the polarized flux close to the location of the Si IV emission line. This latter absorption possibly results from C IV absorption at velocities larger than 25000 km s −1 which could be superimposed on the Si IV emission line. The Al III BAL is polarized as the continuum. The rotation of θ near 4600Å is not significant at the 2 σ level, the uncertainty on θ in this region being large due to a decrease of p. However, if real, it may also be due to complex absorptions that are difficult to identify in this rather noisy part of the polarized flux.
3. B2225−0534 −− This object is the prototype of the BAL QSOs with C IV P cygni type profiles. The spectropolarimetry of B2225−0534 has been published by Stockmann et al. (1981) , Cohen et al. (1995) , Goodrich & Miller (1995) and Ogle et al. (1999) . We confirm the main results found by these authors : the continuum is highly polarized with p ∼ 5 %, the broad emission lines are unpolarized with a large drop of p in the C IV emission line, and the polarization strongly increases in the broad absorption lines. The polarization angle is constant throughout the spectral domain. The emission lines are absent from the polarized flux except a small residual from C III]. Since no indication of variability has been reported for this object by previous authors, the fact that our results are in very good agreement with theirs provides a useful cross-check of our reduction.
4. B2240−3702 −− This BAL QSO is quite similar to B2225−0534. Indeed, it shows P Cygni type profiles and nearly black broad absorption lines. But B2240−3702 is also different with very weak emission lines and a double trough structure in the C IV and Si IV absorptions. The polarization strongly increases in the low velocity part of the absorption reaching a maximum of ∼ 25 % in C IV. There is a dip of the polarization at the position of the emission lines. The polarization redward of C IV is flat (p ∼ 2 %) with a small decrease at the location of C III]. The polarization angle rotates accross the broad absorption lines and is constant elsewhere. The broad absorption lines appear in the polarized flux although shallower. There is no evidence for any emission line in the polarized flux.
5. B1331−0108 −− The data for this BAL QSO have a lower signal to noise ratio. There are however indications that the polarization increases in the C IV, Si IV and Al III absorption lines while there is no clear evidence for a rise of p in the Mg II trough. Nothing can be said about the emission lines.
6. B1413+1143 4 −− This BAL QSO is a four component gravitational mirage (Magain et al. 1988) . Again, the polarization strongly increases in the absorption troughs. Although the absorptions of C IV and Si IV are nearly black in the total flux, they are shallower in the polarized flux. There is also a rotation of the polarization angle accross the C IV absorption line. Nevertheless, the most outstanding result in this object is the prominence of the emission lines in the polarized flux, indicating that they are polarized at a similar level as the continuum. Only the semi-forbidden C III] line is absent in the polarized flux. Our results are in good agreement with those published previously by Goodrich & Miller (1995) , Schmidt & Hines (1999) and Ogle et al. (1999) , despite of the fact that the total flux and the polarization of B1413+1143 are known to be variable (e.g. Goodrich & Miller 1995 , Østensen et al. 1997 .
Definition of spectropolarimetric indices
In this section we define four indices in order to describe the polarization of the emission and absorption lines in BAL QSOs. The measurement of these indices has been carried out on our spectropolarimetric data and on the spectra from Ogle et al. (1999) . They are given in Table 4 . For the five BAL QSOs of our sample with good quality data and which were also observed by Ogle et al. (1999) (i.e. B0059−2735, B1011+0906, B1246−0542, B1413+1143 and B2225−0534), the measurements are done independently for both data sets. Since they are in good agreement within uncertainties, we only give average values in Table 4 .
The first two quantities measure the polarization in the C IV and C III] emission lines relative to the polarization of the redward adjacent continuum. They are given as p e /p c C IV and p e /p c C III] in Table 4 . The other two indices are related to the polarization in the C IV absorption line. The first one is the maximal polarization in the C IV trough, p max . The second one, denoted SI, is the ratio of the C IV absorption depths (measured at the wavelength of the deepest C IV absorption) in the polar- Table 4 . The spectropolarimetric indices. The measurements were done using the spectropolarimetric data illustrated in Figs. 3 and 4 and the polarization spectra of Ogle et al. (1999) . The continuum polarization, p 0 , and its associated error, σ p , are taken from ized flux p × F λ and in the total flux F λ where the continuum has been normalized to unity (F c is the flux in the continuum and p c is the polarization of the continuum) i.e.,
Of course, we have 0 ≤ SI ≤ 1. SI is a measure of the strength of the absorption in the polarized flux with respect to the absorption in the direct flux. The values given in Table 4 are measured for 21 objects with good signal to noise data. The uncertainties on p max are taken from Ogle et al. (1999) or they have been measured from our data (Figs. 3 and 4) . The uncertainties on the other indices are more difficult to estimate, namely since they depend on the position of the continuum and the signal to noise in the polarized spectrum. Based on two independent sets of measurements, we estimate that the typical uncertainties of these quantities are ∼ 10 − 15 %. Table 5 gives the results of the correlation analysis performed between the four spectropolarimetric indices described in the previous section, the broad band polarization p 0 and three important and well-measured spectroscopic indices (BI, DI and α B ) given in Table 1 . Correlations have again been searched Table 5 . Results of correlation tests between spectropolarimetric indices, p 0 and three indices derived from optical spectra. P τ and P rs give the probabilities that the correlation between the two indices are due to chance. n is the number of points considered for the correlation. A correlation is emphasized if P ≤ 0.05. The last column gives the sign of the correlation for using the Kendall τ and Spearman r s rank correlation coefficients. With only 21 objects, we relax our criterion and consider as significant correlations with P ≤ 0.05. With 22 correlations (assumed to be independent), we expect that one correlation with P ≤ 0.05 is due to chance. Although the relation p max − BI (see Fig. 5 ) is the most significant correlation in Table 5 , we must consider it with caution. Indeed, p max being measured where the absorption is the deepest, it may depend on the spectral resolution, more particularly when the residual intensity in the trough is nearly zero, which usually corresponds to large BI. In this case, it is possible that the higher the resolution, the lower the flux in a single pixel and the larger the measured p max . However, a majority of BAL QSOs with large BI do not have completely black troughs, and the p max − BI correlation is most probably real. This correlation is discussed in more details in Sect. 6.2.
Correlation analysis
As found in previous spectropolarimetric studies (e.g. Ogle et al. 1999) , the polarization in the emission lines is systematically lower than that the polarization in the continuum, which corresponds to p e /p c ≤ 1 for both the C IV and C III] emission lines (see Table 4 ). In addition, we find in Table 5 another significant correlation which relates the polarization in the C IV and C III] emission lines. As illustrated in Fig. 6 , the polarization in the C III] emission line is not only correlated to but also systematically higher than the polarization in the C IV emission line. If the broad emission lines appear in the polarized flux, one possible explanation may be the effect of two different polarizing mechanisms, one of them either depolarizing C IV or polarizing C III]. Lee (1994) has shown that resonance scattering is more efficient at producing polarization in semiforbidden lines such as C III] than in most permitted lines such as C IV. On the other hand, if there is only one polarizing mechanism at work for both emission lines, the emitting regions may have different geometries and/or sizes with respect to the scattering region (e.g. Goodrich & Miller 1995) . Cassinelli et al. (1987) have calculated the polarization of a spherical emission region of radius R scattered by a region located at a distance D > R. They find that the polarization should be corrected by a factor 1 − (R/D) 2 compared to the case of a point source.
If the size of the C III] emitting region is smaller than the size of the C IV emitting region, the geometric dilution may induce a larger polarization in the C III] emission line than in the C IV emission line. Of course, one must keep in mind that neither the broad emission line region nor the scattering region are likely to be spherical. Since these results are in contradiction with reverberation mapping studies (Clavel et al. 1991 , Chiang & Murray 1996 , this explanation based on a purely geometrical dilution seems unlikely. In some BAL QSOs, the broad emission lines do not appear in the polarized flux indicating that they are not polarized at all. In this case, the observed correlation may simply reflect the fact that the polarization in the continuum is larger in the blue part of the spectrum (i.e. at the wavelength of C IV) than in the red part (i.e. at the wavelength of C III]).
There is also a marginal (P ≃ 0.03) correlation between the detachment index and SI, which is worth considering. In Fig. 7 , we plot SI versus DI. It clearly appears that if we do not consider the object represented by an open circle 5 , the correlation between SI and DI is much more significant. Indeed, in this case, the Kendall τ and the Spearman r s statistics give a probability lower than 0.005 that these two quantities are correlated by chance. Additional measurements are badly needed to confirm this possible correlation. The correlation between SI and DI indicates that in P Cygni type BAL QSOs, the BALs in the polarized flux are nearly as deep as in the direct flux (cf. B2225−0543), while in BAL QSOs with detached troughs, the BALs in the polarized flux are much shallower than in the direct flux (cf. B1246−0542). As discussed in the next section, the consequences of such a relation for constraining BAL QSO models may be important.
5 By carefully inspecting the data of Ogle et al. (1999) , we noticed that the C IV absorption line in B1212+1445 is partly cut at the lower end of the spectrum such that the value of SI given in Table 5 for this object might be highly uncertain.
Discussion
The principal component PC2 : the anti-correlation p 0 -DI
The fact that p 0 is only correlated with the detachment index emphasizes the importance of DI to understand the geometry of the outflow in BAL QSOs. The PCA has confirmed the importance of the p 0 − DI anti-correlation which is dominant in PC2, one of the two significant principal components. The WfD model of Murray et al. (1995) proposes a natural explanation of DI, hence of the detached troughs observed in some BAL QSOs (see Fig. 8 ) . According to this model, an observer looking through the wind close to the disk (edge-on) sees absorption at all velocities including at low velocity. P Cygni type profiles are then produced and the observer measures a small value of DI. On the contrary, if the line-of-sight towards the observer grazes the upper edge of the wind, it misses the low velocity part of the absorption, the wind streamlines being more vertical than radial at low velocities. Therefore the absorption may start several thousand kilometers per second blueward of the corresponding emission peak, resulting in detached troughs and large values of DI. In the WfD model, DI is naturally related to the orientation of the accretion disk with respect to the line of sight. On the other hand, in the torus model (Schmidt & Hines 1997) , DI has no simple explanation. In polar wind models such as the one described by Punsly (1999) , the detached troughs are caused by intermittent variations of matter ejections along the bipolar outflow. In this case, the line detachment is related to a time-dependent phenomenon and does not depend on orientation.
Since the continuum polarization may also depend on the inclination, the relation between p 0 and DI favours a BALR model which is orientation dependent. In the WfD model, the dependence of p 0 with DI is naturally explained since higher polarization is expected close to the disk where attenuation of the direct unpolarized continuum is larger. As the inclination (measured from the disk axis) decreases, the growing importance of the direct continuum gives rise to a dilution of the polarization. Therefore, detached troughs are naturally associated with lower optical polarization. Since the polarization is not correlated with the slope of the continuum, it rules out an extinction by small dust particles as being the dominant extinction mechanism. A significant part of the attenuation should then be neutral, dominated either by electron scattering or by extinction by large dust particles.
The scatterers at the origin of the polarization may lie in the inner parts of the wind itself or they may be located in a polar region, which is usually assumed to interpret the spectropolarimetric observations (e.g. Hines & Wills 1995 , Goodrich & Miller 1995 , although its origin is unclear.
If the scatterers are located in the wind, the electron scattering model within the cylindrical sector geometry depicted by Brown & Mc Lean (1977) may be considered to explain the p 0 −DI anti-correlation (see also Paper I). More particularly, as discussed in Sect. 3, Fig. 1a shows that the relation p 0 − DI is not a true anti-correlation : for low values of DI (P Cygni profiles), there is a large range of p 0 values. At a given inclination, the Brown & Mc Lean (1977) model predicts a polarization which increases with the half-opening angle of the wind. The range in p 0 for a given inclination may therefore simply reflect a range of opening angles of the equatorial wind. For large values of DI (profiles with detached troughs), the strong dilution by the direct unpolarized continuum leads to small values of p 0 whatever the opening angle of the wind. The larger polarization of LIBAL QSOs compared to HIBAL QSOs (Paper I, Lamy 2003) may then be explained either by the stronger extinctions observed in LIBAL QSOs (Sprayberry & Foltz 1992 , Reichard et al. 2003 or by a larger opening angle of their wind. This latter possibility is in agreement with the high covering factors needed to interpret their very weak [O III] emission (Boroson & Meyers 1992 , Yuan & Wills 2003 . This simple explanation qualitatively reproduces the observed p 0 − DI correlation. For HIBAL QSOs, the correlation is possibly weaker because of the variation from object to object such that the smaller range of p 0 values may mask the correlation.
The anti-correlation SI − DI and the correlation p max − BI
If the scatterers are located in a polar region, part of the light from the continuum may be scattered and subsequently absorbed in the equatorial wind. The variation of SI with DI, derived from the spectropolarimetric data, is naturally explained within this geometry, as illustrated in Fig. 8 : for nearly equatorial line-of-sights (DI ≪), the scattered flux crosses regions of the equatorial wind located close to the accretion disk where the opacity in the absorption lines is large. Therefore the polarized flux is significantly absorbed and shows deep broad absorption lines (SI ∼ 1, cf. B2225−0534). For less inclined line-of-sights (DI ≫), the scattered flux crosses regions of the equatorial wind where the opacity is much lower resulting in weaker absorptions in the polarized flux (SI ≪). The quantity SI becomes ≃ 0 in the extreme case where the scattered flux is not absorbed at all (cf. B1246−0542). It is more difficult to understand this relation if the scatterers are located in the equatorial wind itself than in a polar region. The SI-DI relationship appears therefore important for constraining the geometry of the BALR, and is definitely worth confirming with additional spectropolarimetric observations. The other correlation derived from the spectropolarimetric data, p max − BI, may also be simply explained with such a model. If BI is large, the direct unpolarized flux is strongly absorbed in the line resulting in a smaller dilution of the scattered component at these wavelengths. Therefore large values of p max are expected in the case of strong absorptions.
A "two-component wind" model ?
Although the p 0 − DI and SI − DI anti-correlations can be interpreted assuming an equatorial wind issued from a disk, the existence of an additional polar region where scattering takes place is apparently needed, at least in some BAL QSOs. This additional region may simply consist of another part of the outflow with a lower density and a larger amount of free electrons. The equatorial wind, represented by the curved streamlines, emerges from a geometrically thin accretion disk located in the equatorial plane. A mirror of electrons is located in the polar region and scatters some radiation coming from the central regions along the line-of-sight. This polarized component is then subsequently absorbed in the equatorial wind. When the disk is seen edge-on, P Cygni type profiles are observed since the observer sees absorption at all velocities including the low ones near the disk. For less inclined line-of-sights, detached absorption profiles are observed since the observer misses the low velocity part of the absorption.
Since the properties of these possibly related regions are different, we call hereafter this model the "two-component wind" (2CW) model, emphasizing that it is a natural extension or a variant of the WfD model. The 2CW model is supported by several theoretical models which have been developed in the last years (Proga et al. 1998 , Proga 2000 , Pereyra et al. 2004 . These authors generalize the Murray et al. model, in particular by including a magnetic field distribution. The outflow may then be radiation or magnetically driven or both. The simulations show that different types of winds can be produced (from being nearly polar to nearly equatorial) by varying the magnetic field, the total luminosity or the ratio between the luminosity of the disk and that of the central compact object. In particular, one may qualitatively reproduce a 2CW model with a dense equatorial wind bounded on the polar side by a much less dense stream.
Observationally, the rotation of the polarization angle θ accross broad absorption lines (a remarkable instance is given in B1413+1143, see Fig. 4 ) may provide evidence for the existence of two scattering regions in some BAL QSOs. Indeed, the continuum may be polarized by scattering from a polar and an equatorial distribution of electrons (or dust) at the same time. The scattered flux from the polar region has a polarization angle perpendicular to the disk axis while the polarization produced in the disk is parallel. The resulting polarization angle depends on the relative importance of both components. If the scattered flux from the polar region is re-absorbed in the equatorial wind, its contribution is reduced at these wavelengths leading to the observed rotation of the polarization angle. On the other hand, there may be only one source of scatterers, and the rotation of θ may result from another polarizing mechanism, for example resonance scattering since in P Cygni type profiles the broad absorption is partly filled with resonantly scattered emission.
Besides polarization, another indicator of geometry is the radio morphology. Recently, some observational evidence supporting the existence of much smaller and weaker radio jets in radio-quiet QSOs have recently emerged (Kuncic 1999) . Since the axis of the accretion disk is usually thought to be aligned with the radio jets, the comparison of the position angles of radio axes (P A) and optical polarizations (θ) can in principle give clues on the location of the scattering region. If the broad absorption lines occur in an equatorial wind, BAL QSOs are quasars seen edge-on and we should detect a radio axis close to the plane of the sky. The optical polarization should be roughly parallel to the radio axis if the scatterers are located in the wind or roughly perpendicular to it if they lie in a polar region. Unfortunately, because of their weak radio fluxes and their large distance, there are very few BAL QSOs with a resolved radio structure. In the low redshift BAL QSO PG 1700+5153, Kellermann et al. (1994) measure P A ∼ 145
• for the radio structure observed at the VLA while Ogle et al. (1999) and Schmidt & Hines (1999) measure a polarization position angle θ ∼ 53
• . In the radio-loud BAL QSO LBQS 1138−0126, Brotherton et al. (2002) observe a double-lobed radio structure with P A ∼ 52
• characteristic of an edge-on source in unified radio schemes. Their spectropolarimetry of LBQS 1138−0126 shows a continuous rotation of the continuum position angle from 180
• in the blue to 150
• in the red part of their optical spectra. In both objects, the optical polarization is then more or less perpendicular to the radio structure, suggesting that the scatterers are located in a polar region. However, we must keep in mind that at the VLA resolution, the weak radio axis may be twisted by some interactions with the surrounding medium. Therefore, higher resolution images are needed to confirm the VLA results. Recently, Jiang & Wang (2003) performed the first VLBI observations of three BAL QSOs. Among them, J 1312+2319 has a two-sided structure with a position angle P A ∼ 59
• indicating an edge-on orientation. We have recently obtained the optical polarization of this object for which we find θ ∼ 166
• indicating that the two position angles are roughly perpendicular. Although there are only very few radio observations of BAL QSOs, they apparently support a 2CW model, where scattering occurs in a polar region.
In the 2CW model, the BALR is located in the equatorial plane. However, based on radio observations of FIRST BAL QSOs with the VLA, Becker et al. (2000) argue that BAL QSOs are not viewed from any particular orientation because they observed both steep and flat spectra within a sample of BAL QSOs discovered in the FIRST catalog. While, in BAL QSOs, it is not sure that the radio spectrum is a good indicator of the position angle of the radio axis as it is in radioloud sources, the recent VLBI observations of Jiang & Wang (2003) may confirm the claim of Becker et al. (2000) . Indeed, while J 1312+2319 is seen edge-on, J 1556+3517 has a compact structure and a flat radio spectrum suggesting it is probably seen pole-on. However, J 1556+3517 has also very unusual spectropolarimetric properties (Brotherton et al. 1997) , possibly making it a peculiar object.
The principal component PC1 : the correlation BI -Fe II
Until now, we have concentrated on PC2 which is most probably driven by orientation. But what drives PC1 in BAL QSOs ? Yuan & Wills (2003) have shown that z ∼ 2 BAL QSOs follow the main correlations linking the properties of emission lines as depicted in the so-called Boroson & Green eigenvector (1992) . In particular, BAL QSOs have the strongest Fe II and weakest [O III] emission among high redshift quasars. For non-BAL QSOs, these properties are usually interpreted in terms of accretion rates of gas around the central massive black hole (Boroson & Green 1992) . When the accretion rate increases, the disk inflates because of the larger radiation pressure. The optical depth becomes higher and the optically thick gas prevents the UV ionizing photons to reach the narrow-line region where [O III] forms. At the same time, the Fe II emission strongly increases because of a larger amount of X-rays. In this scenario, BAL QSOs are quasars which accrete matter with a rate close to the Eddington rate (Yuan & Wills 2003) such that they display the most extreme Fe II and [O III] emission properties. In the WfD model, it is possible that the larger the accretion rate, the higher the gas density in the wind and therefore the stronger the absorption. This could possibly explain the positive correlation observed between BI and Fe II λ 2400, which dominates PC1.
Conclusions
With new broad-band polarization data and new measurements of indices on good quality spectra from the literature, we have performed a systematic search for correlations among a sample of 139 BAL QSOs. We find six non-trivial correlations. We use a principal component analysis to isolate the main correlations in only two principal components : PC1, dominated by the BI − Fe II correlation, is possibly related to the accretion rate of matter around the central massive black hole, while PC2, dominated by the p 0 − DI anti-correlation, could be driven by orientation. We have also searched for correlations among indices measured on spectropolarimetric data for a sample of 21 BAL QSOs. We find that the polarization in the C III] emission line is systematically larger than the polarization in the C IV emission line, and that the maximum of the polarization in the C IV absorption line is higher for BAL QSOs with large values of BI. Another important result is a possible correlation between the detachment index DI and SI, a quantity which measures the depth of the C IV BAL in the polarized flux relative to that one in the total flux. These statistical studies outline the importance of polarization to disentangle the geometry of the outflows in BAL QSOs. We have also emphasized that BI and more particularly DI are critical parameters to describe the BAL phenomenon.
The anti-correlations p 0 − DI and DI−SI are naturally explained with a model where the continuum attenuation and the line absorption occur within a continuous equatorial wind accelerated from a disk. The direct continuum is also assumed to be scattered by a "mirror" of electrons located in polar regions, possibly belonging to a polar wind. For edge-on line-of-sights, the direct unpolarized continuum is attenuated in the dense equatorial regions near the disk. Therefore, in BAL QSOs with P Cygni profiles, a large continuum polarization is observed because the relative contribution of the scattered polarized component is large. The scattered flux is also absorbed in the equatorial wind and a prominent absorption line is observed in the polarized spectrum. For a less inclined line-of-sight grazing the upper edge of the equatorial wind, the direct unpolarized continuum is less heavily absorbed and dilutes the continuum polarization. The scattered flux is also less absorbed in these lower opacity regions of the wind such that for BAL QSOs with detached absorptions, lower continuum polarization and shallow troughs in the polarized flux are observed.
However, with polarization data only, we cannot unambiguously locate the scatterers. A convenient way to solve this problem is to compare the polarization position angle with the orientation of the radio-axis. Unfortunately, only 3 BAL QSOs have been resolved at the radio wavelengths and have polarimetric data available. Interestingly, in these 3 objects, the optical polarization angle is nearly perpendicular to the radio-axis, as expected from a model where scattering occurs in a polar region.
